Proceeding from the fact that the seeds of Roselle plant are full of nutritional constituents, however in Egypt and Libya, they are often discarded as a by-product, this study aims to evaluate the nutritional composition of Roselle seeds grown in Egypt and Libya as a source of oil and protein besides making a comparison between whole chemical composition of Roselle seeds grown in both countries. Ground of whole Egyptian and Libyan Roselle seeds powder contained high amount of protein (31.02% ± 0.93% and 28.67% ± 0.45%), crude fat (21.6% ± 0.66% and 16.94% ± 0.86%) and total ash (6.89% ± 0.11% and 5.60% ± 0.10%), respectively. However, Egyptian seeds have moisture content, protein, crude fat and total ash higher than Libyan seeds. Crude oil from Egyptian seeds had high refractive index and iodine value in comparison with crude oil from Libyan seeds. There were no remarkable differences between both seeds in acidity percent, unsaponifiable matters percent and saponification value. Linoleic, oleic and palmitic acids were the major fatty acid constituents in Egyptian Roselle seeds. Meanwhile linolenic, linoleic, oleic, stearic, palmitoleic and palmitic acids were the major fatty acid constituents in Libyan Roselle seeds. Crude oil from Egyptian seeds had higher percent of unsaturated fatty acids than crude oil from Libyan seeds. Unsaponifiable matters constituents for extracted oil from Egyptian seeds were free from n-pentacosane (C25) and rich in n-hexacosane (C26). Oil from both seeds had the same content of Beta sito-sterol and stigma-sterol. Both seeds were rich in glutamic acid, aspartic acid, arginine and leucine. Libyan seeds were rich in essential amino acids in comparison with Egyptian seeds. Finally nutritional comparison of Roselle seeds variation depends on the variety, location and environmental conditions during cultivation. Roselle seeds are a good source for extraction of oil and protein. Protein from Roselle seeds could be used as a supplement material for poor food in lysine.
Introduction
Seeds are however one of the cheapest food sources. Researchers have confirmed the nutritional usefulness of seeds [1] [2] . Interestingly, limited research has been carried out on exploitation and utilization of seeds as s potential alternative for human food source or even as food supplement. Roselle Hibiscus sabdriffa, which is a member of Malvaceae family, is believed to be native tropical African plants. Roselle is cultivated in many tropical and subtropical regions worldwide [3] . It is known by different synonyms and vernacular names such as Roselle [4] [5], Karkade [6] and Mesta [7] . Most studies were focused on the benefits of Roselle calyces rather than the seeds of the plant. The yield of seeds is reported to be 500 -1000 Kg·acre −1 (210 -420 Kg·Feddan −1 ) for an Indian cultivar [8] . There are published reports indicating that the seeds are eaten in some parts of Africa and also have been roasted as a coffee substitute material [9] [10] . Roselle seeds powder could also be used in cookies production as flour substitute till 20% to enhance the protein and dietary fibers contents [11] .
In Egypt and Libya, seeds of Roselle plant are discarded as a by-product. Nutritional composition of Roselle seeds variation depends on the variety, location and environmental conditions where the seeds were cultivated [12] . Information from the literature indicated that Roselle whole seeds powder from other countries contained high amounts of protein, oil, carbohydrates [6] [7] [13] and dietary fiber [7] . Therefore, the study aims to evaluate the nutritional composition of Roselle seeds grown in Libya and Egypt and make comparison between chemical composition of Roselle seeds grown in Egypt and Libya. To achieve this purpose, whole chemical composition, fatty acids profile, amino acids profile, extracted oil properties and unsaponifiable matters were determined.
Materials and Methods

Materials
Two kilograms of each Roselle seeds from Libya and Egypt were sun dried, ground, sieved, through mesh screen, packed in polyethylene bags and stored in a deep freezer at −20˚C until analysis. Moisture content was determined directly after grounding and sieving before storage.
Methods
Oil Extraction
Oil was extracted by soaking the prepared seeds in petroleum ether (40˚C -60˚C). The ratio of solvent to crushed seeds was 3:1. The crushed seeds soaked in solvent for 24 hours with shaking. Miscella (mixed oil with solvent) was removed from seeds by filtration through wattman filter paper No. 1. The soaking was repeated three times. Solvent was removed from collected miscella by using of rotary evaporator at 40˚C under vacuum. Oil was stored in dark bottle in deep freezer at −20˚C until analysis.
Proximate Chemical Composition Analysis
Moisture content of seeds powder was determined using air-oven method. Ash content was determined by incinerating at 550˚C until constant weight was achieved. Total nitrogen and protein content were determined based on kjeldahl method using the conversion factor of 6.25. Lipids were determined by using soxhelt method. All of the above determinations were carried out based on methods as mentioned previously in A.O.A.C. [14] except the carbohydrate content (nitrogen free extract) which were determined by difference.
Crude Oil Properties
Refractive index, specific gravity, acidity, saponification value, iodine value, peroxidase value, Thiobarbituric acid (T.B.A) value and unsaponifiable matters were determined according to the methods described in A.O.C.S. [15] .
Fatty Acid Composition
(1) Separation of Fatty Acid Fatty acids were separated and change to methyl esters according to the methods described by [16] . The lipid samples were saponified over night with ethanolic KOH (20%) at room temperature. The fatty acids were free from their potassium salts by acidification with hydrochloric acid (5 N), followed by extraction with ether or (pt. ether 40˚C -60˚C). The ether extract was washed three times with distilled water then dried over anhydrous sodium sulfate, and filtered off.
(2) Preparation of Diazomethane Diazomethane was prepared from methylamine hydrochloride as reported by [16] as follows: Methylamine solution (100 ml) was placed in stoppered 500 ml flask and concentrated hydrochloric acid (78 ml) and water added to bring the total weight to 250 g. Urea (150 g) was introduced and mixture was boiled gently under reflux for 200 min and vigorously for 15 min, the solution was cooled to room temperature, then sodium nitrite (55 g) was added at 0˚C.
A mixture of 300 g crushed ice and 50 g concentrated sulfuric acid was prepared in 1500 ml beaker surrounded by bath of ice and salt. Cold methyl urea-nitrite solution was added slowly with mechanical stirring at such rate, that the temperature did not rise above 0˚C. The crystalline nitrosomethyl urea was filtered at once then drained well and dried in vacuum desiccator. Aqueous potassium hydroxide solution (60 ml, 50% w/w) and ether (200 ml) were placed in 500 ml round bottomed flask. The mixture was cooled to 5˚C, then nitrosomethyl urea (20.6 g) and ether (80 ml) were added. The ethereal layer was separated using separating funnel and dried over pellets of potassium hydroxide for 2 -3 h.
(3) Identification and Determination of Fatty Acid by Gas Liquid Chromatography (GLC)
Fatty acids were identified and determined by GLC according to the method described by [17] . The methyl ester of fatty acids obtained from oil of samples and standard materials were analyzed with a Pye Unicam Series 304 gas chromatography equipped with dual flam ionization detector and dual channel recorder. The separation of fatty acid methyl esters was conducted using a coiled glass column (1.5 m × 4 mm) packed with Diatomite (100 -120 mesh) and coated with 10% polyethylene glycol adipate (PEGA). The column oven temperature was programmed at 8˚C/min from 70˚C to 190˚C, then isothermally at 190˚C min with nitrogen at 30˚C ml/min.
Unsaponifiable Matters
The unsaponifiable matters were fractionated by using GLC according to the method described by [17] . The unsaponifiables were fractionated on a coiled glass column (2.8 m × 4 mm) packed with Diatomite (100 -120 mesh) and coated with 3% OV-17. The oven temperature was programmed at 10˚C/min from 70˚C then isothermally at 270˚C for 25 min and nitrogen flow rate was 30 ml/min. Detector, injector temperatures and hydrogen, air flow rates were generally 300˚C, 280˚C and 33 ml, 330 ml/min, respectively. Peak identification was performed by comparison the retention time (RT) of each compound with those of standard materials. The linear relationship between log retention times of the standard hydrocarbons and number of carbon atoms of these compounds was used characterize the unavailable authentic hydrocarbons. Peak area was measured by using a computing integrator (PU4810, Philips).
Amino Acid Profile
The Amino acids profile was determined according to the method described by Cohen et al. [18] by using HPLC.
Statistical Analysis
Proximate analysis and crude oil properties were expressed as mean of three replicates ± standard deviation according to the method described by Steel et al. [19] .
Results and Discussion
Proximate Analysis
Results in Table 1 showed the proximate analysis of Egyptian and Libyan Roselle seeds. Results indicated that both whole seeds powder contained high amounts of crude oil, protein, total ash, water soluble and insoluble ash and nitrogen free extract [12] [13] [20] - [28] . The results of carbohydrates for both seeds (as nitrogen free extract) were in a good agreement with that mentioned by [28] [29] . The moisture content in both seeds was low which indicate the possibility of long shelf-life stability during storage in factories of oil production [21] . Results also indicated that Egyptian seeds have moisture, crude oil, protein, total ash, and water soluble and insoluble ash higher than Libyan seeds. These differences may be due to the differences in location and environmental conditions where seeds were cultivated [12] . It could be noticed that seeds contained high amounts of crude oil and protein than cotton seeds which used in Egypt for oil production. We can conclude that Roselle seeds consider as a good and economic source for healthy edible oil and protein production [21] . In the other hand, the high content of ash indicated that seeds are a good source of minerals [7] . Table 2 showed some physical and chemical properties of crude Roselle seeds oil from Egyptian and Libyan seeds. There is no remarkable difference between Egyptian and Libyan seeds in acidity percent, saponification value, unsaponifiable matters percent, peroxide value and thiobarbituric (T.B.A) value. Results for specific gravity and acidity percent are in a good agreement with that reported in literature [21] [25] [30] . Crude oil from Egyptian seeds had refractive index more than oil from Libyan seed; meanwhile oil from Libyan seeds had higher density than oil from Egyptian seed. On other hand iodine value for oil from Egyptian seeds was 115 ± 2.57; this value was high in comparison with iodine value for oil from Libyan seeds being 93.7 ± 2.04. Results for iodine value, saponification value, acidity percent and refractive index are in a good agreement with that mentioned by [21] [31] . In other hand, the unsaponifiable matters were low in comparison with results in [21] [25] [32] . It could be noticed that oil from Libyan seeds might be more stable against oxidative rancidity because it had low iodine value. Roselle seeds oil properties were not significantly different than those of corn oil, therefore Roselle seeds oil could be classified as semi-dry oil. Chemical composition and lipid fractions of Roselle seeds oil were similar to corn oil. As resulted, Roselle seeds oil might provide a new source of edible oil and confirmed [31] .
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Fatty Acid Composition
Results in Table 3 indicated that linoleic, oleic and palmitic acids were the major fatty acid constituents in Egyptian Roselle seeds being 38.17%, 33.31% and 18.15% respectively [13] [33] . A high content of unsaturated fatty acids constituents were 75.57% and 66.09% for Egyptian and Libyan Roselle seeds respectively.
The ratio of unsaturated to saturated fatty acids for Egyptian Roselle seeds was 3:1 the results are in a good agreement with that reported by [8] [21] [25] [31]- [33] . In contrast the ratio of unsaturated to saturated fatty acids for Libyan Roselle seeds was 2:1 the results are in a good agreement with that reported in literature [13] [20] . Decreasing unsaturated fatty acids in Libyan seeds and increasing its content of stearic acid could explain why crude oil of Libyan Roselle seeds had higher density and lower refractive index than crude oil from Egyptian Roselle seeds. Also it explains why crude oil from Libyan seeds had lower iodine value than crude oil from Egyptian Roselle seeds. Results for properties and fatty acids indicated that Roselle oil had similar properties to cotton seeds oil [8] . Finally there is a limitation in published data on Roselle seeds oil. 
Unsaponifiable Matters
Results for unsaponifiable matters constituents in crude oil from Egyptian and Libyan seeds indicated that both seeds have the same constituents and percentage, results are given in Table 4 . Except that oil from Egyptian seeds was free from n-pentacosane (C 25 ) and had high percent of n-hexacosane (C 26 ) in comparison with oil from Libyan seeds. Hydrocarbons n-triacontane (C30), n-hentriacontane (C31), n-tetracosane (C24), n-tricosane (C23) and stigma sterols were the major unsaponifiable matters constituents in crude Roselle oil from both Egyptian and Libyan seeds. Crude oil from both seeds is considered as vegetable oil was rich in phytosterols [32] . Roselle seeds oil considers healthy oil because it contains high percent of phytosterols and free from cholesterol. Finally there are not enough studies on unsaponifiable matters of Roselle seeds oil especially for food applications. Table 5 show the amino acid profile of Egyptian and Libyan Roselle seeds. Eighteen amino acids were detected in Roselle seeds powder [27] . Both seeds were rich in glutamic acid, aspartic acid, arginine and leucine [34] . Other essential amino acids are comparable to referenced protein [32] [35] . Egyptian Roselle seeds had higher percent of threonine, leucine, phenylalanine, lysine than Libyan seeds. Meanwhile Libyan seeds had higher percent of valine, isoleucine, tyrosine, histidine, tryptophan and glycine than Egyptian seeds. Essential to non-essential amino acid ratio was 0.7730 and 0.6636 for Libyan and Egyptian seeds respectively. Essential to total amino acid ratio was 0.4360 and 0.3989 for Libyan and Egyptian seeds respectively. Protein from Egyptian seeds contained amount of threonine and leucine more than that of FAO referenced protein. Meanwhile, valine, isoleucine and phenylalanine were lower than that of FAO referenced protein. Lysine was slightly lower than that of the FAO reference protein [36] . Libyan seeds protein contained amount of valine, isoleucine more than that of FAO referenced protein. In contrast threonine, phenylalanine and lysine were lower than that of FAO referenced protein. Leucine from Libyan seeds was slightly lower than that of FAO referenced protein. The content of both seeds for methionine was low in comparison with that of FAO referenced protein [36] . Finally it could be noticed that Libyan seeds was rich in essential amino acid in comparison with Egyptian seeds. The limiting amino acids for Egyptian seeds were tryptophan, methionine and cystine as first, second and third limiting amino acid respectively [27] . In contrast proline, methionine and tryptophan were limiting amino acids for Libyan seeds. The differences between Egyptian and Libyan Roselle seeds may be related to the variations in cultivated region [34] .
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Conclusion
Roselle seeds are a good source for extraction of protein and oil. Roselle seeds vary in nutritional composition depending on the location and environmental conditions during cultivation. Protein from Roselle seeds could be used as a supplement agent of food mixture for poor lysine sources. Roselle seeds still need further investigation for oil properties and protein quality for human nutrition practices.
